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trode, and a gate electrode; a surge voltage measuring unit
clectrically connected to the first electrode or the second
clectrode and configured to measure a surge voltage; a
variable resistor electrically connected to the gate electrode;
a comparator configured to compare a surge voltage mea-
surement value, which 1s acquired by measuring the surge
voltage generated by a first pulse applied to the gate elec-
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voltage target value; a determination unit configured to
determine a setting value of a resistance value of the variable
resistor based on the comparison result by the comparator;
and an 1nstruction unit configured to instruct the setting
value to the variable resistor.
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FIG.3
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ELECTRONIC CIRCUI'T, POWER
CONVERSION DEVICE, DRIVING DEVICE,
VEHICLE, AND ELEVATOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2018-053637,
filed on Mar. 21, 2018, the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device, a power conversion device, a driving
device, a vehicle, an elevator, and a method for controlling
a semiconductor device.

BACKGROUND

A surge voltage may be generated due to an inductance of
a circuit, for example, when a power transistor performing
a switching operation at high speed 1s turned off. If the surge
voltage 1s generated, there 1s a problem in that breakdown of
a gate insulating film may occur or ringing of the circuit may
OCCUL.

By increasing a resistance of a gate connected to a gate

clectrode of the power transistor, the switching speed 1is
decreased at the time of the switching of the power transis-
tor. It 1s possible to suppress the surge voltage by decreasing,
the switching speed. However, the decrease 1n the switching,
speed 1s not preferable because a switching loss 1s increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a semiconductor device
according to a first embodiment;

FIG. 2 1s a circuit diagram of a power conversion device
according to the first embodiment;

FIG. 3 1s a diagram showing control steps of a method for
controlling a semiconductor device according to the first
embodiment;

FIGS. 4A and 4B are explanatory diagrams of functions
of the semiconductor device and the method for controlling
a semiconductor device according to the first embodiment;

FIG. 5 1s a schematic diagram of a semiconductor device
according to a second embodiment;

FI1G. 6 1s a diagram showing control steps of a method for
controlling a semiconductor device according to the second
embodiment;

FIGS. 7A and 7B are explanatory diagrams of functions
of the semiconductor device and the method for controlling
a semiconductor device according to the second embodi-
ment;

FIG. 8 1s a schematic diagram of a semiconductor device
according to a third embodiment;

FI1G. 9 1s a diagram showing control steps of a method for
controlling a semiconductor device according to the third
embodiment;

FIG. 10 15 a circuit diagram of a surge voltage measuring,
unit according to a fourth embodiment;

FIG. 11 1s a circuit diagram of a surge voltage measuring,
unit according to a fifth embodiment;

FIG. 12 1s a schematic diagram of a drniving device
according to a sixth embodiment;
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2

FIG. 13 1s a schematic diagram of a vehicle according to
a seventh embodiment:

FIG. 14 1s a schematic diagram of a vehicle according to
an eighth embodiment; and

FIG. 15 1s a schematic diagram of an elevator according
to a ninth embodiment.

DETAILED DESCRIPTION

A semiconductor device according to an embodiment
includes: a semiconductor element including a first elec-
trode, a second electrode, and a gate electrode; a surge
voltage measuring unit electrically connected to any one of
the first electrode and the second electrode and configured to
measure a surge voltage; a vanable resistor electrically
connected to the gate electrode; a comparator configured to
compare a surge voltage measurement value with a surge
voltage target value, the surge voltage measurement value 1s
acquired by the surge voltage measuring unit by measuring
the surge voltage generated by a first pulse applied to the
gate electrode; a determination unit configured to determine
a setting value of a resistance value of the variable resistor
based on a comparison result by the comparator; and an
instruction unit configured to mstruct the setting value to the
variable resistor.

Herematter, embodiments of the present disclosure waill
be described with reference to the drawings. In the following

description, the same or similar members or the like are
denoted by the same reference numerals, and a description
of members and the like which have been described 1is
omitted as appropriate.

In addition, 1n this specification, the semiconductor device
1s a concept in which 1t includes an itegrated circuit (IC) 1n
which a plurality of elements are integrated into one chip, an
clectronic circuit board on which a plurality of electronic
components are disposed, or a power module 1n which a
plurality of elements such as a discrete semiconductor are
combined.

In the present specification, a “voltage” means a potential
difference with ground potential unless otherwise defined.

First Embodiment

A semiconductor device according to a first embodiment
includes: a semiconductor element including a first elec-
trode, a second eclectrode, and a gate electrode; a surge
voltage measuring unmit electrically connected to any one of
the first electrode and the second electrode and configured to
measure a surge voltage; a variable resistor configured to be
clectrically connected to the gate electrode; a comparator
configured to compare a surge voltage measurement value,
which 1s acquired by measuring the surge voltage generated
by a first pulse applied to the gate electrode by the surge
voltage measuring unit, with a surge voltage target value; a
determination unit configured to determine a setting value of
a resistance value of the varnable resistor based on the
comparison result by the comparator; and an instruction unit
configured to 1nstruct the setting value to the variable
resistor.

A power conversion device ol the first embodiment
includes the semiconductor device. The semiconductor ele-
ment of the first embodiment 1s a transistor.

FIG. 1 1s a schematic diagram of the semiconductor
device of the first embodiment. FIG. 2 1s a circuit diagram
of the power conversion device of the first embodiment. The
power conversion device of the first embodiment i1s an
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inverter circuit 210. FIG. 1 1s a schematic diagram showing
details of a part of the inverter circuit 210 of FIG. 2.

The mverter circuit 210 of the first embodiment realizes
a so-called active gate control dynamically controlling an
operation ol a gate ol a power transistor.

The inverter circuit 210 shown m FIG. 2 includes three
pairs of low side transistors 10 (semiconductor elements)
and a high side transistor 20. The mnverter circuit shown 1n
FIG. 2 includes a positive terminal P, a negative terminal N,
an output terminal U, an output terminal V, an output
terminal W, a first variable resistor 60, and a second variable
resistor 61.

The positive terminal P 1s connected to a positive elec-
trode of a direct current (DC) power supply 30, and the
negative terminal N 1s connected to a negative electrode of
the DC power supply 30. For example, a smoothing capaci-
tor 40 1s provided 1n parallel with the DC power supply 30
between the positive terminal P and the negative terminal N.
The 1nverter circuit 1s a three-phase inverter.

The voltage of the DC power supply 30 1s, for example,
200 V or more and 1500 V or less.

FIG. 1 15 a schematic diagram showing details of a region
including one set of the low side transistor 10 (semiconduc-
tor element) and the high side transistor 20 in the inverter
circuit of FIG. 2. FIG. 1 1s a schematic diagram of a region
surrounded by a dotted line 1n FIG. 2.

The semiconductor device of the first embodiment
includes the low side transistor 10 (semiconductor element),
the high side transistor 20, a surge voltage measuring unit
100, a comparator 101, a determination unit 102, an instruc-
tion unit 103, a first variable resistor 60, a second variable
resistor 61, a wiring 70a, and a wiring 705.

The low side transistor 10 and the high side transistor 20
are connected 1n series. The low side transistor 10 has an
emitter electrode 10a (first electrode), a collector electrode
106 (second electrode), and a gate electrode 10c¢ (gate
clectrode). The high side transistor 20 has an emitter elec-
trode 20a, a collector electrode 205, and a gate electrode
20c.

The low side transistor 10 and the high side transistor 20
are, for example, an 1nsulated gate bipolar transistor (IGBT).
A free wheeling diode (not shown) 1s connected to the low
side transistor 10 and the high side transistor 20.

The first variable resistor 60 1s connected to the gate
clectrode 10c¢ of the low side transistor 10. The second
variable resistor 61 1s electrically connected to the gate
clectrode 20¢ of the high side transistor 20.

The gate resistance of the low side transistor 10 can be
changed by the first variable resistor 60. It 1s possible to
change the resistance value of the electric resistance con-
nected to the gate electrode 10¢ by the first variable resistor
60. A charging and discharging current of the gate of the low
side transistor 10 can be changed by the first variable resistor
60.

The gate resistance of the high side transistor 20 can be
changed by the second varniable resistor 61. It 1s possible to
change the resistance value of the electric resistance con-
nected to the gate electrode 20c¢ by the second variable
resistor 61. A charging and discharging current of the gate of
the high side transistor 20 can be changed by the second
variable resistor 61.

The configurations of the first variable resistor 60 and the
second variable resistor 61 are not limited as long as the
resistance 1s variable. For example, the first variable resistor
60 and the second variable resistor 61 are MOSFETSs oper-
ating 1n an analog manner. In addition, for example, the first
variable resistor 60 and the second variable resistor 61 area
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plurality of MOSFFETs that are connected 1n parallel. The
resistance value 1s changed by switching the number of
MOSFFETs that are in an ON state and an OFF state.

The surge voltage measuring unit 100 1s electrically
connected to the collector electrode 105. The surge voltage
measuring unit 100 has a function of measuring the surge
voltage generated between the low side transistor 10 and the
high side transistor 20. The surge voltage measuring umit
100 directly measures the surge voltage generated at the
collector electrode 105.

The surge voltage measuring unit 100 1s, for example, an
clectronic circuit. The surge voltage measuring unit 100 1s,
for example, an IC 1 which a plurality of elements are
integrated into one chip or an electronic circuit board on
which a plurality of electronic components are disposed. The
configuration of the surge voltage measuring unit 100 1s not
limited as long as the surge voltage measuring unit 100 can
measure the surge voltage. For example, it 1s also possible
to apply an oscilloscope to the surge voltage measuring unit
100.

The comparator 101 has a function of comparing the surge
voltage measurement value, which 1s acquired by measuring
the surge voltage generated by the first pulse applied to the
gate electrode 10¢, by the surge voltage measuring unit 100
with the surge voltage target value. The first pulse 1s a pulse
of the gate signal.

For example, from the viewpoint of suppressing the
problem caused by the surge voltage, an upper limit value of
the surge voltage target value 1s determined. In addition,
from the viewpoint of not decreasing a switching speed, a
lower limit value 1s determined. The surge voltage target
value 1s a predetermined value as a specification of the
semiconductor device.

The determination unit 102 has a function of determining,
setting values of the resistance values of the first variable
resistor 60 and the second variable resistor 61 based on the
comparison result by the comparator 101. Based on an error
between the surge voltage measurement value and the surge
voltage target value, a setting value to be applied after the
second pulse subsequent to the first pulse 1s determined.

The setting value 1s determined so that the surge voltage
approaches the surge voltage target value. An algorithm used
for the determination 1s not particularly limited. For
example, a proportional control, a proportional integral (PI)
control, or a proportional integral differential (PID) control
1s applied.

The mstruction umt 103 has a function of 1nstructing the
determined setting value to the first variable resistor 60 and
the second variable resistor 61. For example, the instruction
umit 103 instructs the setting value to the first variable
resistor 60 and the second vanable resistor 61 before the
second pulse subsequent to the first pulse 1s applied to the
gate electrode.

The comparator 101, the determination unit 102, and the
instruction unit 103 are, for example, electronic circuits. The
comparator 101, the determination unit 102, and the instruc-
tion unit 103 are, for example, logic circuits or analog
circuits. The comparator 101, the determination unmt 102,
and the mstruction unit 103 each are, for example, individual
integrated circuits (ICs). The comparator 101, the determi-
nation unit 102, and the instruction unit 103 are included, for
example, 1n one microcomputer.

Next, a method for controlling a semiconductor device
according to the first embodiment will be described. The
method for controlling a semiconductor device of the first
embodiment includes: acquiring a surge voltage measure-
ment value by measuring a surge voltage generated 1n any
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one of the first electrode and the second electrode by a first
pulse applied to a gate electrode of a semiconductor element
having a first electrode, a second electrode, and a gate
clectrode; comparing the surge voltage measurement value
with a surge voltage target value; determining a setting value
of a resistance value of a vanable resistor electrically
connected to the gate electrode based on the comparison
result of the surge voltage measurement value with the surge
voltage target value; and changing the resistance value to the
setting value.

FIG. 3 1s a diagram showing control steps of the method
for controlling a semiconductor device according to the first
embodiment. The method for controlling a semiconductor
device of the first embodiment includes applying a first pulse
(S11), acquiring a surge voltage measurement value (S12),
comparing the surge voltage measurement value with a
surge voltage target value (S13), determinming of a setting
value ol a vanable resistor (S14), changing a resistance

value of the vanable resistor (S15), and applying a second
pulse (516).

For simplicity of explanation, the control of the first
variable resistor 60 will be described below by way of
example.

First, 1n the applying of the first pulse (S11), the first pulse
1s applied to the gate electrode 10c¢ of the low side transistor
10. The low side transistor 10 performs an ON operation,
and 1s then shifted to an OFF operation. The surge voltage
1s generated 1n the collector electrode 105 during the OFF
operation.

Next, 1n the acquiring of the surge voltage measurement
value (S12), the surge voltage generated 1n the collector
clectrode 105 by the application of the first pulse 1s mea-
sured by the surge voltage measuring unit 100. The surge
voltage generated by turning ofl the low side transistor 10
alter the application of the first pulse 1s measured by the
surge voltage measuring unit 100.

Next, 1n the comparing of the surge voltage measurement
value with the surge voltage target value (513), the surge
voltage measurement value 1s compared with the surge
voltage target value. The comparison between the surge
voltage measurement value and the surge voltage target
value 1s performed by the comparator 101.

The comparator 101 determines a magnitude relation
between the surge voltage measurement value and the surge
voltage target value. For example, the comparator 101
calculates an error Verr between the surge voltage measure-
ment value and the surge voltage target value.

Next, in the determiming of the setting value of the
variable resistor (S14), the setting value of the resistance
value of the first vaniable resistor 60 electrically connected
to the gate electrode 10¢ 1s determined based on the com-
parison result of the surge voltage measurement value with
the surge voltage target value. The determination of the
setting value 1s performed by the determination unit 102.

The setting value 1s determined, for example, based on the
error between the surge voltage measurement value and the
surge voltage target value so that the surge voltage
approaches the surge voltage target value.

For example, when the surge voltage measured by the
surge voltage measuring unit 100 exceeds the target value,
the setting value 1s determined to increase the resistance
value of the first variable resistor 60. By increasing the
resistance value of the first variable resistor 60, the gate
resistance of the low side transistor 10 i1s increased, the
switching speed 1s decreased, and the generation of the surge
voltage 1s suppressed. In other words, the charging/discharg-
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6

ing current of the gate of the low side transistor 10 1is
decreased, and the generation of the surge voltage 1s sup-
pressed.

Next, in the changing of the resistance value of the
variable resistor (S15), the resistance value of the first
variable resistor 60 1s changed to the determined setting
value. The setting value 1s changed according to an mnstruc-
tion transmitted from the instruction umt 103 to the first
variable resistor 60.

Next, in the applying of the second pulse (S16), the
second pulse 1s applied to the gate electrode 10c¢ of the low
side transistor 10. The low side transistor 10 performs an ON
operation, and i1s then shifted to an OFF operation.

Next, functions and eflects of the semiconductor device
and the method for controlling the semiconductor device of
the first embodiment will be described.

The surge voltage may be generated due to an inductance
of a circuit, for example, when a power transistor perform-
ing a switching operation at high speed 1s turned off. If the
surge voltage 1s generated, there 1s a problem 1n that
breakdown of a gate msulating film may occur or ringing of
the circuit may occur.

By increasing the resistance of the gate connected to the
gate electrode of the power transistor, the switching speed 1s
decreased at the time of the switching to be able to suppress
the surge voltage. However, the decrease in the switching
speed 1s not preferable because of increasing the switching,
loss of the power transistor.

By increasing the resistance of the gate connected to the
gate electrode of the power transistor, the switching speed 1s
decreased at the time of the switching to be able to suppress
the electromagnetic noise. However, the decrease in the
switching speed 1s not preferable because the switching loss
of the power transistor 1s increased.

The surge voltage depends on various parameters such as
the circuit configurations and operation conditions of the
semiconductor device or the power conversion device and
the configurations or operation conditions of loads con-
nected to the semiconductor device or the power conversion
device. For this reason, a large number of processes are
required to determine an appropriate gate resistance value at
the design stage of the semiconductor device or the power
conversion device. In addition, even 1f a large number of
processes are used, 1t 1s extremely diflicult to determine an
optimum gate resistance value.

Therefore, the gate resistance value 1s inevitably set to
have a large margin. Therefore, the switching speed of the
power transistor 1s unnecessarily decreased, and the switch-
ing loss of the power transistor may be increased.

The inverter circuit 210 of the first embodiment includes
the surge voltage measuring unit 100. The surge voltage
measuring unit 100 directly measures the surge voltage
generated between the low side transistor 10 and the high
side transistor 20 during the operation of the inverter circuit
210.

Based on the measurement result measured by the surge
voltage measuring unit 100, the inverter circuit 210 controls
the first variable resistor 60. The inverter circuit 210 changes
the resistance value of the first variable resistor 60 so that the
resistance value of the first variable resistor 60 1s an appro-
priate resistance value during the operation of the inverter
circuit. A so-called active gate control 1s executed.

FIGS. 4A and 4B are explanatory diagrams of functions
ol the semiconductor device and the method for controlling
a semiconductor device according to the first embodiment.
FIGS. 4A and 4B show a collector current and a collector
voltage corresponding to each pulse of the gate signal
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applied to the low side transistor 10. FIG. 4A shows the
collector current corresponding to each pulse of the gate
signal, and FI1G. 4B shows the collector voltage correspond-
ing to each pulse of the gate signal.

In FIGS. 4A and 4B, the first pulse applied to the gate
clectrode 10c¢ 1s represented by P(1), the second pulse 1s
represented by P(2), a (n-1)-th pulse 1s represented by
P(n-1), and an n-th pulse 1s represented by P(n). Here, n 1s
an integer of 3 or more.

In response to each pulse, the low side transistor 10
repeats the ON operation and the OFF operation. As shown
in FIG. 4A, the collector current tlows during the ON
operation and the collector current 1s cut off during the OFF
operation. In FIG. 4A 1t 1s assumed that the collector current
1s constant for each pulse.

As shown 1n FIG. 4B, when the low side transistor 10 1s
shifted from the ON operation to the OFF operation, the
collector voltage overshoots and the surge voltage 1s gen-
erated. For example, an error Verr(l) exists between the
surge voltage generated by the first pulse P1 and the surge
voltage target value.

In the first embodiment, before the second pulse P(2) 1s
applied to the gate electrode 10c¢, the resistance value of the
first variable resistor 60 1s changed to the determined setting
value. The resistance value of the first variable resistor 60 1s
changed to be larger than the resistance value of the first
variable resistor 60 when the first pulse P1 1s applied.

Therelore, the surge voltage when the second pulse P(2)
1s applied 1s suppressed, and an error Verr(2) becomes
smaller than the Verr(1). The same control 1s repeated ever
alter the second pulse P(2).

For example, a method for feeding back measurement
results of the collector current and the collector voltage
generated by the first pulse to a first pulse 1n real time 1s also
conceivable. However, 1n this method, an extremely fast
gate resistance control 1s required. For example, 1t 1s
required to execute feedback in several nanoseconds to
several tens of nanoseconds, and 1t 1s diflicult to control the
gate resistance.

In the case of the first embodiment, the measurement
result of the surge voltage generated by the first pulse 1s fed
back after the second pulse. Theretfore, for example, 1t 1s
suflicient to execute feedback i1n several microseconds to
several tens of microseconds. Therefore, 1t 1s easy to control
the gate resistance. Further, the comparator 101, the deter-
mination unit 102, and the instruction unit 103 which are
necessary for the control can be realized with a simple
configuration.

In the case of the first embodiment, for example, the
measurement result of the surge voltage of the first pulse
may be fed back after the third pulse from the viewpoint of
giving a margin for feedback time.

According to the first embodiment, the measurement
result of the surge voltage measuring unit 100 1s fed back to
the resistance value of the first variable resistor 60. With this
teedback, the generation of the surge voltage can be sup-
pressed.

Furthermore, the control to bring the surge voltage close
to the surge voltage target value 1s always performed.
Theretore, the resistance value of the first variable resistor
60 can be set to a necessary and suflicient resistance value
for suppressing the surge voltage. Therefore, the switching
speed of the low side transistor 10 1s not unnecessarily
decreased, and the increase in the switching loss can be
suppressed.

Further, according to the first embodiment, the surge
voltage measuring unit 100 1s provided and the measurement
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result can be fed back to the resistance value of the first
variable resistor 60, such that precise alignment at the design
stage of the semiconductor device or the power conversion
device becomes unnecessary. Therefore, the number of
circuit design processes can be decreased.

As described above, according to the first embodiment,
the increase 1n the switching loss can be suppressed, and the
low-loss semiconductor device and power conversion
device, and the method for controlling the semiconductor
device can be realized. Further, the measurement result of
the surge voltage can be fed back to the gate resistance with
a simple configuration. In addition, the number of processes
of the circuit design of the semiconductor device and the
power conversion device can be decreased.

Second Embodiment

A semiconductor device according to a second embodi-
ment 1s different from that of the first embodiment in that the
semiconductor device further includes: a current measuring
unit configured to measure a current of a wiring electrically
connected to a first electrode or a second electrode; a
calculator configured to calculate an inductance using a
surge voltage reference value acquired by the surge voltage
measuring unit and a current reference value acquired by the
current measuring unit; and a surge voltage prediction unit
configured to calculate a surge voltage prediction value from
the inductance and a current prediction value of the semi-
conductor element, wherein the determination unit deter-
mines the setting value based on the surge voltage prediction
value. Hereinatter, a part of the description duplicated with
the first embodiment will not be described.

FIG. 5 1s a schematic diagram of the semiconductor
device of the second embodiment. The power conversion
device of the second embodiment 1s an 1nverter circuit using
the semiconductor device of FIG. 5.

The semiconductor device of the second embodiment
includes a low side transistor 10 (semiconductor element), a
high side transistor 20, a surge voltage measuring unit 100,
a comparator 101, a determination unit 102, an nstruction
umt 103, a calculator 104, a surge voltage prediction unit
105, a current measuring unit 110, a first variable resistor 60,
a second variable resistor 61, a wiring 70q, and a wiring 705.

The current measuring unit 110 has a function of mea-
suring a current flowing in the wiring 70a electrically
connected to an emitter electrode 10a. The current measur-
ing unit 110 1s, for example, an ampere meter. The configu-
ration of the current measuring unit 110 1s not limited as long
as the current measuring unit 110 can measure a current
generated 1n the wiring 70aq.

The calculator 104 has a function of calculating an
inductance of the circuit by using a surge voltage reference
value acquired by the surge voltage measuring unit 100 and
a current reference value acquired by the current measuring
unit 110.

The surge voltage 1s a product of the inductance and the
change in current. The inductance of the circuit can be
calculated from the surge voltage measured by the surge
voltage measuring umt 100 and a change (di/dt) 1in current
measured by the current measuring unit 110. The current
reference value 1s, for example, the change in current or a
current value. Assuming that the change in current occurs 1n
a fixed time, even when the current reference value 1s taken
as the current value, 1t 1s possible to calculate the inductance
of the circuit, strictly, the value proportional to the induc-
tance.
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The surge voltage prediction unit 105 has a function of
calculating the surge voltage prediction value from the
inductance of the circuit and the current prediction value of
the transistor. If the magnitude of the inductance of the
circuit 1s already known, it 1s possible to predict the surge
voltage to be generated from the current prediction value of
the transistor.

[ike the first embodiment, the determination unit 102 has
a function of determining setting values of the resistance
values of the first variable resistor 60 and the second variable
resistor 61 based on the comparison result by the comparator
101. Based on an error between the surge voltage measure-
ment value and the surge voltage target value, a setting value
to be applied after the second pulse subsequent to the first
pulse 1s determined.

Further, the determination unit 102 has a function of
determining the setting value based on the surge voltage
prediction value calculated by the surge voltage prediction
unit 105. For example, when determining the setting value,
the determination unit 102 has a function of correcting the
setting value based on the surge voltage prediction value
calculated by the surge voltage prediction umt 103.

The calculator 104 and the surge voltage prediction unit
1035 are, for example, electronic circuits. The calculator 104
and the surge voltage prediction unit 1035 are, for example,
logic circuits or analog circuits. The calculator 104 and the
surge voltage prediction unit 105 each are, for example,
individual ICs. The calculator 104 and the surge voltage
prediction unit 105 are included, for example, 1n one micro-
computer like the comparator 101, the determination unit
102, and the instruction unit 103.

Next, a method for controlling a semiconductor device
according to the second embodiment will be described. The
method for controlling a semiconductor device of the second
embodiment 1s diflerent from that of the first embodiment 1n
that the method 1ncludes acquiring a surge voltage reference
value by measuring a surge voltage, acquiring a current
measurement value by measuring a current flowing through
a wiring electrically connected to a first electrode or a
second electrode, calculating an inductance using a surge
voltage reference value and a current measurement value,
calculating a surge voltage prediction value from the induc-
tance and a current prediction value of the semiconductor
clement, and determining a setting value based on the surge
voltage prediction value. Hereinafter, a part of the descrip-
tion duplicated with the first embodiment will not be
described.

FIG. 6 1s a diagram showing control steps of the method
for controlling a semiconductor device according to the
second embodiment. The method for controlling a semicon-
ductor device of the second embodiment includes applying
an mitial pulse (S01), acquiring a surge voltage reference
value (S02), acquiring a current measurement value (S03),
calculating an inductance (S04), applying a first pulse (S11),
acquiring a surge voltage measurement value (S12), com-
paring the surge voltage measurement value with a surge
voltage target value (513), calculating a surge voltage pre-
diction value (505), determining a setting value of a variable
resistor (S14), changing a resistance value of the variable
resistor (S15), and applying a second pulse (516).

For simplicity of explanation, the control of the first
variable resistor 60 will be described below by way of
example.

First, in the applying of the mitial pulse (S01), the nitial
pulse 1s applied to the gate electrode 10c¢ of the low side
transistor 10. The low side transistor 10 performs an ON
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operation, and 1s then shifted to an OFF operation. The surge
voltage 1s generated 1n the collector electrode 105 during the
OFF operation.

Next, in the acquiring of the surge voltage reference value
(502), the surge voltage generated 1n the collector electrode
105 by the application of the initial pulse 1s measured by the
surge voltage measuring umt 100. The surge voltage gen-
crated by turning off the low side transistor 10 after the
application of the initial pulse 1s measured by the surge
voltage measuring unit 100. The surge voltage reference
value 1s acquired by the measurement by the surge voltage
measuring unit 100.

Next, i the acquiring of the current measurement value
(503), the current flowing through the wiring 70a electri-
cally connected to the emitter electrode 10a 1s measured by
the current measuring unit 110. The current measurement
value 1s acquired by the measurement by the current mea-
suring unit 110.

Next, in the calculating of the inductance (504), the
inductance of the circuit 1s calculated using the surge voltage
reference value and the current measurement value. The
calculation of the inductance 1s performed by the calculator
104.

Next, in the applying of the first pulse (S11), the first pulse
1s applied to the gate electrode 10c¢ of the low side transistor
10.

Next, 1n the acquiring of the surge voltage measurement
value (S12), the surge voltage generated in the collector
clectrode 105 by the application of the first pulse 1s mea-
sured by the surge voltage measuring unit 100.

Next, in the comparing of the surge voltage measurement
value with the surge voltage target value (513), the surge
voltage measurement value 1s compared with the surge
voltage target value. The comparison between the surge
voltage measurement value and the surge voltage target
value 1s performed by the comparator 101.

The comparator 101 determines a magnitude relation
between the surge voltage measurement value and the surge
voltage target value. For example, the comparator 101
calculates an error Verr between the surge voltage measure-
ment value and the surge voltage target value.

Next, in the calculating of the surge voltage prediction
value (S05), the surge voltage prediction value 1s calculated
from the inductance and the current prediction value of the
transistor. The calculation of the surge voltage prediction
value 1s performed by the surge voltage prediction unit 105.
For example, the surge voltage prediction unit 105 acquires
the current prediction value of the transistor associated with
the second pulse applied to the gate electrode 10¢ from a
gate signal controller (not shown).

Next, in the determining of the setting value of the
variable resistor (S14), the setting value of the resistance
value of the first variable resistor 60 electrically connected
to the gate electrode 10c¢ 1s determined based on the com-
parison result of the surge voltage measurement value with
the surge voltage target value and the surge voltage predic-
tion value. The setting value acquired {from the comparison
result of the surge voltage measurement value with the surge
voltage target value 1s corrected based on the surge voltage
prediction value, and the setting value 1s determined. The
determination of the setting value 1s performed by the
determination unit 102.

Next, in the changing of the resistance value of the
variable resistor (S15), the resistance value of the first
variable resistor 60 1s changed to the determined setting
value.
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Next, mn the applying of the second pulse (516), the
second pulse 1s applied to the gate electrode 10c¢ of the low
side transistor 10. The low side transistor 10 performs an ON
operation, and 1s then shifted to an OFF operation.

Next, functions and effects of the semiconductor device
and the method for controlling a semiconductor device of
the second embodiment will be described.

FIGS. 7A and 7B are explanatory diagrams of functions
of the semiconductor device and the method for controlling
a semiconductor device according to the second embodi-
ment. FIGS. 7A and 7B show a collector current and a
collector voltage corresponding to each pulse of the gate
signal applied to the low side transistor 10. FIG. 7A shows
the collector current corresponding to each pulse of the gate
signal, and FIG. 7B shows the collector voltage correspond-
ing to each pulse of the gate signal.

In FIGS. 7A and 7B, the first pulse applied to the gate
clectrode 10c¢ 1s represented by P(1), the second pulse 1s
represented by P(2), a (n-1)-th pulse 1s represented by
P(n-1), and an n-th pulse 1s represented by P(n). Here, n 1s
an integer of 3 or more.

In response to each pulse, the low side transistor 10
repeats the ON operation and the OFF operation. As shown
in FIG. 7A, the collector current flows during the ON
operation and the collector current 1s cut off during the OFF
operation.

In FIG. 7A, 1t 1s assumed that the collector current i1s
changed for each pulse. In the case of the operation of the
inverter circuit 210, the collector current 1s changed for each
pulse as shown in FIG. 7A.

As shown 1n FIG. 7B, when the low side transistor 10 1s
shifted from the ON operation to the OFF operation, the
collector voltage overshoots and the surge voltage 1s gen-
erated. For example, an error Verr(1l) exists between the
surge voltage generated by the first pulse P1 and the surge
voltage target value.

If the collector current 1s changed for each pulse, the
magnitude of the surge voltage 1s also changed 1n proportion
to the collector current. In the second embodiment, the
change in the surge voltage according to the change in
collector current 1s predicted. The resistance value of the
first variable resistor 60 1s determined using the surge
voltage prediction value according to the second pulse
acquired by the prediction.

The surge voltage prediction value 1s, for example, the
increment of the surge voltage according to the increase 1n
the collector current. The setting value 1s calculated, for
example, by adding the surge voltage prediction value to the
error Verr(1). In contrast, when the surge voltage prediction
value 1s not added, the error Verr(2) may exceed Verr(1).
Further, the error Verr (2) may not be sufliciently smaller
than the Verr(1).

By using the surge voltage prediction value, the surge
voltage when the second pulse P(2) 1s applied 1s suppressed
more accurately, and the error Verr(2) becomes sufliciently
smaller than the Verr(1). The same control 1s repeated ever
aiter the second pulse P(2).

According to the second embodiment, the gate resistance
1s set, 1n particular, by considering the increase/decrease 1n
the surge voltage according to the change 1n the collector
current. Therefore, the gate resistance with high accuracy
can be controlled. Therefore, 1n comparison with the first
embodiment, the surge voltage can be suppressed more
accurately, the switching loss can be suppressed, and the
low-loss semiconductor device can be realized.

Further, according to the semiconductor device of the
second embodiment, the inductance of the circuit can be
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calculated. Therefore, even 1f an event occurs in which the
inductance of the circuit 1s changed during the operation of
the iverter circuit 210, 1t 1s possible to continue the control
ol the gate resistance with high accuracy. Therelore, a highly
reliable semiconductor device can be realized.

The event that the inductance of the circuit 1s changed
during the operation of the mverter circuit 210 1s an event
that a part of the device connected to the inverter circuit 210
1s separated due to a fault during the operation of the inverter
circuit 210.

As described above, according to the second embodiment,
the increase 1n the switching loss can be suppressed, and the
low-loss semiconductor device and power conversion
device, and the method for controlling a semiconductor
device can be realized. Further, the measurement result of
the surge voltage can be fed back to the gate resistance with
a stmple configuration. In addition, the number of processes
of the circuit design of the semiconductor device and the
power conversion device can be decreased. In addition, the
highly reliable semiconductor device can be realized.

Third Embodiment

A semiconductor device according to a third embodiment
1s different from that of the first embodiment 1n that the
semiconductor device further includes: a voltage measuring
umt configured to measure a voltage of a wiring electrically
connected to a first electrode or a second electrode; and an
clectromagnetic noise prediction unit configured to calculate
an electromagnetic noise prediction value based on a voltage
measurement value acquired by the voltage measuring unit,
wherein a determination unit determines a setting value
based on the electromagnetic noise prediction value. Here-
iafter, a part of the description duplicated with the first
embodiment will not be described.

FIG. 8 1s a schematic diagram of a semiconductor device
of the third embodiment. The power conversion device of
the third embodiment 1s an 1nverter circuit using the semi-
conductor device of FIG. 8.

The semiconductor device of the third embodiment
includes a low side transistor 10 (semiconductor element), a
high side transistor 20, a surge voltage measuring unit 100,
a comparator 101, a determination unit 102, an nstruction
umt 103, an electromagnetic noise prediction unit 106, a
voltage measuring umt 120, a first vaniable resistor 60, a
second variable resistor 61, a wiring 70q, and a wiring 70b.

The voltage measuring unit 120 has a function of mea-
suring a voltage of the wiring 705 electrically connected to
a collector electrode 10b. The voltage measuring unit 120 1s,
for example, a voltmeter. The configuration of the voltage
measuring unit 120 1s not limited as long as the voltage
measuring unit 120 can measure a voltage generated in the
wiring 70b.

The electromagnetic noise prediction unit 106 has a
function of predicting the electromagnetic noise generated 1n
the circuit based on the voltage measurement value acquired
by the voltage measurement of the voltage measuring unit
120. The electromagnetic noise prediction unit 106 calcu-
lates the electromagnetic noise prediction value.

For example, the electromagnetic noise prediction unit
106 has a function of predicting the magnitude of the
clectromagnetic noise occurring in the wiring 705 from a
change (dV/dt) in voltage generated in the wiring 705. When
the change 1n voltage 1s large, the occurring electromagnetic
noise 1s also increased. In this example, the voltage change
(dV/dt) 1s the voltage measurement value.
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[ike the first embodiment, the determination unit 102 has
a Tunction of determining setting values of the resistance
values of the first variable resistor 60 and the second variable
resistor 61 based on the comparison result by the comparator
101. For example, based on an error between a surge voltage
measurement value and a surge voltage target value, a first
setting value to be applied after a second pulse subsequent
to a first pulse 1s obtained.

In addition, the determination unit 102 has a function of
determining the setting values of the resistance values of the
first variable resistor 60 and the second variable resistor 61
based on the electromagnetic noise prediction value. For
example, based on an error between the electromagnetic
noise prediction value and the electromagnetic noise target
value, a second setting value to be applied after the second
pulse subsequent to the first pulse 1s obtained.

For example, the determination unit 102 determines the
larger one of the first setting value and the second setting
value as the setting value to be applied after the second pulse
subsequent to the first pulse.

FIG. 9 1s a diagram showing control steps of the method
tor controlling a semiconductor device according to the third
embodiment. The method for controlling a semiconductor
device of the third embodiment includes: applying a first
pulse (S11), acquiring a surge voltage measurement value
(S12), comparing the surge voltage measurement value with
a surge voltage target value (S13), determining of a setting
value of a vanable resistor (S14), changing a resistance
value of the variable resistor (S15), applying a second pulse
(S16), acquiring a collector voltage measurement value
(S21), and predicting electromagnetic noise (S22).

For simplicity of explanation, the control of the first
variable resistor 60 will be described below by way of
example.

First, 1n the applying of the first pulse (S11), the first pulse
1s applied to the gate electrode 10c¢ of the low side transistor
10.

Next, 1n the acquiring of the surge voltage measurement
value (S12), the surge voltage generated in the collector
clectrode 106 by the application of the first pulse 1s mea-
sured by the surge voltage measuring unit 100.

Next, in the comparing of the surge voltage measurement
value with the surge voltage target value (S13), the surge
voltage measurement value 1s compared with the surge
voltage target value. The comparison between the surge
voltage measurement value and the surge voltage target
value 1s performed by the comparator 101.

In the acquiring of the collector voltage measurement
value (S21), the voltage of the wiring 7056 electrically
connected to the collector electrode 106 1s measured. The
measurement of the voltage 1s performed by the voltage
measuring umt 120. The collector voltage measurement
value 1s acquired by the measurement of the voltage.

Next, 1n the predicting of the electromagnetic noise (S22),
e electromagnetic noise prediction value 1s calculated from
ne collector voltage measurement value. The calculation of
e electromagnetic noise prediction value 1s performed by
e electromagnetic noise prediction unit 106.

Next, 1n the determiming of the setting value of the
variable resistor (S14), the setting value of the resistance
value of the first vaniable resistor 60 electrically connected
to the gate electrode 10¢ 1s determined based on the com-
parison result of the surge voltage measurement value with
the surge voltage target value and the electromagnetic noise
predication value.

For example, the first setting value 1s obtained based on
the comparison result between the surge voltage measure-
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ment value and the surge voltage target value. Further, for
example, the second setting value 1s obtained based on the
clectromagnetic noise prediction value. For example, the
larger one of the first setting value and the second setting
value 1s determined as the setting value to be applied after
the second pulse subsequent to the first pulse. The determi-
nation of the setting value 1s performed by the determination
unit 102.

Next, in the changing of the resistance value of the
variable resistor (S15), the resistance value of the first
variable resistor 60 1s changed to the determined setting
value.

Next, in the applying of the second pulse (S16), the
second pulse 1s applied to the gate electrode 10c¢ of the low
side transistor 10. The low side transistor 10 performs an ON
operation, and 1s then shifted to an OFF operation.

The power transistor performing the switching operation
at high speed causes the electromagnetic noise due to the
high-speed circuit operation. If the electromagnetic noise
occurs, for example, malfunction may occur in electronic
devices around the power transistor. There 1s a problem 1n
that the electromagnetic noise causes so-called electromag-
netic interference (EMI).

According to the third embodiment, the measurement
result of the surge voltage measuring unit 100 and the
measurement result of the voltage measuring unit 120 are
ted back to the resistance value of the first variable resistor
60. With this feedback, the suppression of the generation of
the surge voltage and the suppression of the occurrence of
the electromagnetic noise can be compatible.

As described above, according to the third embodiment,
the increase 1n the switching loss can be suppressed, and the
low-loss semiconductor device and power conversion
device, and the method for controlling a semiconductor
device can be realized. Further, the measurement result of
the surge voltage can be fed back to the gate resistance with
a simple configuration. In addition, the number of processes
of the circuit design of the semiconductor device and the
power conversion device can be decreased. In addition, the
suppression of the generation of the surge voltage and the
suppression of the occurrence of the electromagnetic noise
can be compatible.

Fourth Embodiment

A semiconductor device and a power conversion device of
a Tourth embodiment are different from those of the first to
third embodiments 1n that a detailed circuit configuration of
the surge voltage measuring unit 100 1s shown. Hereinaftter,
a part of the description duplicated with the first to third
embodiments will not be described.

FIG. 10 1s a circuit diagram of a surge voltage measuring,
unit 100 according to the fourth embodiment.

The surge voltage measuring unit 100 includes a diode
111, an electric resistor 112, a capacitor 113, a capacitor 114,
a switching element 115, a sample and hold circuit 116, a
switching element 117, an 1mput terminal A, an 1nput termi-
nal B, an mput terminal I, and a detection terminal D.

The sample and hold circuit 116 includes an operational
amplifier 116a, a diode 1165, and a capacitor 116c¢.

The input terminal A of the surge voltage measuring unit
100 1s electrically connected to a positive electrode of a DC
power supply. The input terminal B of the surge voltage
measuring unit 100 1s electrically connected to a negative
clectrode of the DC power supply.
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The 1nput terminal I of the surge voltage measuring unit
100 1s electrically connected to a collector electrode 105 of

a low side transistor 10 and an emitter electrode 20a of a
high side transistor 20.

The detection result of the surge voltage 1s output from the
detection terminal D of the surge voltage measuring unit
100.

An on-ofl operation of the switching element 115 and the
switching element 117 1s controlled, for example, by a
switching controller 50.

According to the surge voltage measuring unit 100 of the
fourth embodiment, a peak value of the surge voltage is
maintained for a certain period of time by a rectification
action of the diode 111, and the peak value of the surge
voltage can be detected by being decreased by capacitance
division of the capacitor 113 and the capacitor 114. There-
fore, 1t 1s possible to realize a surge voltage detection circuit
which directly detects the peak value of the surge voltage,
which 1s a high voltage and a short time, generated 1n the
power transistor.

As described above, according to the semiconductor
device and the power conversion device of the fourth
embodiment, the increase 1n the switching loss can be
suppressed, and the low-loss semiconductor device and
power conversion device can be realized. In addition, like
the first embodiment, the number of processes of the circuit
design of the semiconductor device and the power conver-
sion device can be decreased.

Fifth Embodiment

A semiconductor device and a power conversion device of
a fifth embodiment are different from those of the first to
third embodiments 1n that a detailed circuit configuration of
a surge voltage measuring unit 100 1s shown. Heremafter, a
part of the description duplicated with the first to third
embodiments will not be described.

FIG. 11 1s a circuit diagram of the surge voltage measur-
ing unit 100 according to the fifth embodiment.

The surge voltage measuring unit 100 includes a first
capacitor 212, a first diode 214, a second diode 216, a second
capacitor 218, a sample and hold circuit 221, a switch 222,
an 1mput terminal A, an mput terminal B, and a detection
terminal D.

The 1mput terminal A of the surge voltage measuring unit
100 1s electrically connected to a collector electrode 105 of
a low side transistor 10 and an emitter electrode 20a of a
high side transistor 20. The mput terminal B of the surge
voltage measuring unit 100 1s electrically connected to a
negative electrode of the DC power supply.

The detection result of the surge voltage 1s output from the
detection terminal D of the surge voltage measuring unit
100.

An on-ofl operation of the switch 222 1s controlled, for
example, by a switching controller 50.

According to the surge voltage measuring unit 100 of the
fifth embodiment, a displacement current flows by the first
capacitor 212 and an electric charge 1s accumulated by the
second capacitor 218. Then, a voltage increased by the
accumulation of the electric charge 1s detected by the sample
and hold circuit 221. A discharge of the electric charge
accumulated 1n the second capacitor 218 1s suppressed by
the first diode 214. When the surge disappears, a current
flows from the first capacitor 212 toward the input terminal
A. The tlow of the current 1s guaranteed by the second diode
216. Theretfore, 1t 1s possible to realize a surge voltage
detection circuit which directly detects the peak value of the
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surge voltage, which 1s a high voltage and a short time,
generated 1n the power transistor.

As described above, according to the semiconductor
device and the power conversion device of the fifth embodi-
ment, the increase 1n the switching loss can be suppressed,
and the low-loss semiconductor device and power conver-
sion device can be realized. In addition, like the first
embodiment, the number of processes of the circuit design
of the semiconductor device and the power conversion
device can be decreased.

Sixth Embodiment

A drniving device of the sixth embodiment 1s the driving

device including the power conversion device of the first
embodiment.

FIG. 12 1s a schematic diagram of the driving device

according to the sixth embodiment. A driving device 1000
includes a motor 340 and an inverter circuit 210. An AC
voltage output from the inverter circuit 210 drives the motor
340.

According to the sixth embodiment, the characteristics of
the driving device 1000 are improved by providing the
low-loss 1nverter circuit 210.

Seventh Embodiment

A vehicle of the seventh embodiment 1s the vehicle
including the power conversion device of the first embodi-
ment.

FIG. 13 1s a schematic diagram of the vehicle according
to the seventh embodiment. A vehicle 1100 of the seventh
embodiment 1s a railway vehicle. The vehicle 1100 1ncludes
a motor 340 and an 1nverter circuit 210.

An AC voltage output from the inverter circuit 210 drives
the motor 340. Wheels 90 of the vehicle 1100 are rotated by
the motor 340.

According to the seventh embodiment, the characteristics
of the vehicle 1100 are improved by providing the low-loss
inverter circuit 210.

Eighth Embodiment

A vehicle of the eighth embodiment 1s the vehicle includ-
ing the power conversion device of the first embodiment.

FIG. 14 1s a schematic diagram of the vehicle according
to the eighth embodiment. A vehicle 1200 of the eighth
embodiment 1s a car. The vehicle 1200 includes a motor 340
and an inverter circuit 210.

An AC voltage output from the inverter circuit 210 drives
the motor 340. Wheels 90 of the vehicle 1200 are rotated by
the motor 340.

According to the eighth embodiment, the characteristics

of the vehicle 1200 are improved by providing the low-loss
inverter circuit 210.

Ninth Embodiment

An elevator of a ninth embodiment 1s the elevator includ-
ing the power conversion device of the first embodiment.

FIG. 15 1s a schematic diagram of an elevator according,
to the ninth embodiment. An elevator 1300 of the ninth
embodiment includes a car 610, a counterweight 612, a wire
rope 614, a winding machine 616, a motor 340, and an
inverter circuit 210.
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An AC voltage output from the inverter circuit 210 drives
the motor 340. The winding machine 616 1s rotated by the
motor 340, and the car 610 moves up and down.

According to the minth embodiment, the characteristics of
the elevator 1300 are improved by providing the low-loss
inverter circuit 210.

In the first to fifth embodiments, the case in which the
controller 300 controls both of the first variable resistor 60
and the second variable resistor 61, or both of the first gate
signal generating circuit 400 and the second gate signal
generating circuit 401 was described by way of example.
However, the controller 300 can also be configured to
control any one of the first variable resistor 60 or the second
variable resistor 61, or any one of the first gate signal
generating circuit 400 and the second gate signal generating
circuit 401.

In the first to fifth embodiments, the 1nverter circuit 1s
described as an example of the power conversion device, but
a DC-DC converter may be applied as an example of the
power conversion device. In addition, the case of controlling
the semiconductor element of the power conversion device
has been described byway of example, but the present
disclosure can also be applied to the case of controlling the
semiconductor element to be used other than the power
conversion device.

In the first to fifth embodiments, an IGBT i1s described as
an example of the semiconductor element, but the semicon-
ductor element 1s not necessarily limited to the IGBT. For
example, other semiconductor elements such as a metal
oxide field effect transistor (MOSFET) can be applied.

The semiconductor elements of the first to fifth embodi-
ments mnclude a semiconductor layer of at least one selected
from S1C, GalN, and Si, for example. The semiconductor
clements of the first to fifth embodiments are formed using
S1C, GaN, or S1, for example.

In the sixth to ninth embodiments, the case where the
power conversion device of the first embodiment 1s applied
1s described by way of example, but 1t 1s also possible to
apply the power conversion devices of the second to fifth
embodiments.

In the sixth to ninth embodiments, the case where the
semiconductor device and the power conversion device of
the present disclosure are applied to the drive device, the
vehicle, or the elevator has been described by way of
example, but the semiconductor device and the power con-
version device of the present disclosure can also be applied
to a power conditioner of a photovoltaic power generation
system, and the like.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, a semiconductor device, a power conversion device,
a driving device, a vehicle, an elevator, and a method for
controlling a semiconductor device described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the
devices and methods described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the mventions.

What 1s claimed 1s:

1. An electronic circuit, comprising:

a surge voltage measuring unit configured to electrically
connect to a first electrode or a second electrode of a
semiconductor element and measure a surge voltage
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occurring at the first electrode or the second electrode
of the semiconductor element;

a variable resistor configured to electrically connect to a
gate electrode of the semiconductor element;

a comparator comparing a surge voltage measurement
value with a surge voltage target value, the surge
voltage measurement value being acquired by the surge
voltage measuring unit by measuring the surge voltage
generated by a first pulse applied to the gate electrode;

a determination unit determining a setting value of a
resistance value of the vanable resistor based on a
comparison result by the comparator; and

an struction unit instructing the setting value to the
variable resistor,

wherein the mstruction unit mstructs the setting value to
the variable resistor before a second pulse subsequent
to the first pulse 1s applied to the gate electrode.

2. The electronic circuit according to claim 1, further

comprising;

a current measuring unit measuring a current of a wiring
clectrically connected to the first electrode or the sec-
ond electrode;

a calculator calculating an inductance using a surge volt-
age reference value acquired by the surge voltage
measuring unit and a current reference value acquired
by the current measuring unit; and

a surge voltage prediction unit calculating a surge voltage
prediction value from the inductance and a current
prediction value of the semiconductor element,

wherein the determination umit determines the setting
value based on the surge voltage prediction value.

3. The electronic circuit according to claim 1, further

comprising;

a voltage measuring unit measuring a voltage of a wiring
clectrically connected to the first electrode or the sec-
ond electrode; and

an electromagnetic noise prediction unit calculating an
clectromagnetic noise prediction value based on a
voltage measurement value acquired by the voltage
measuring unit,

wherein the determination unit determines the setting
value based on the electromagnetic noise prediction
value.

4. The electronic circuit according to claim 1, wherein the
semiconductor element includes a semiconductor layer
made of S1C, GaN, or Si.

5. The electronic circuit according to claim 1, wherein the
semiconductor element 1s an 1nsulated gate bipolar transistor
(IGBT).

6. A power conversion device comprising the electronic
circuit according to claim 1.

7. A dniving device comprising the power conversion
device according to claim 6.

8. A vechicle comprising the power conversion device
according to claim 6.

9. An elevator comprising the power conversion device
according to claim 6.

10. An electronic circuit according to claim 1, further
comprising;

the semiconductor element including the first electrode,
the second electrode, and the gate electrode.

11. An electronic circuit, comprising:

a surge voltage measuring unit configured to electrically
connect to a first electrode or a second electrode of a
semiconductor element and measuring a surge voltage
occurring at the first electrode or the second electrode
of the semiconductor element:
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a variable resistor configured to electrically connect to a
gate electrode of the semiconductor element;

a comparator comparing a surge voltage measurement
value with a surge voltage target value, the surge
voltage measurement value being acquired by the surge
voltage measuring umit by measuring the surge voltage
generated by a first pulse applied to the gate electrode;

a determination umt determining a setting value of a
resistance value of the vanable resistor based on a
comparison result by the comparator;

an 1nstruction unit instructing the setting value to the
variable resistor,

a current measuring unit measuring a current of a wiring,
clectrically connected to the first electrode or the sec-
ond electrode;

a calculator calculating an inductance using a surge volt-
age reference value acquired by the surge voltage
measuring unit and a current reference value acquired
by the current measuring unit; and

a surge voltage prediction unit calculating a surge voltage
prediction value from the inductance and a current
prediction value of the semiconductor element,

wherein the determination unit determines the setting
value based on the surge voltage prediction value.

12. An electronic circuit according to claim 11, further

comprising;

the semiconductor element including the first electrode,
the second electrode, and the gate electrode.

13. An electronic circuit, comprising:

a surge voltage measuring unit configured to electrically
connect to a first electrode or a second electrode of a
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semiconductor element and measuring a surge voltage
occurring at the first electrode or the second electrode
of the semiconductor element;

a variable resistor configured to electrically connect to a
gate electrode of the semiconductor element;

a comparator comparing a surge voltage measurement
value with a surge voltage target value, the surge
voltage measurement value being acquired by the surge
voltage measuring unit by measuring the surge voltage
generated by a first pulse applied to the gate electrode;

a determination unit determining a setting value of a
resistance value of the vanable resistor based on a
comparison result by the comparator; and

an instruction unit instructing the setting value to the
variable resistor,

a voltage measuring unit measuring a voltage of a wiring,
clectrically connected to the first electrode or the sec-
ond electrode; and

an electromagnetic noise prediction unit calculating an
clectromagnetic noise prediction value based on a
voltage measurement value acquired by the voltage
measuring unit,

wherein the determination unit determines the setting
value based on the electromagnetic noise prediction
value.

14. An electronic circuit according to claim 13, further

comprising;

the semiconductor element including the first electrode,
the second electrode, and the gate electrode.
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